Magnaporthe oryzae, a major cause of rice blast, is one of the most destructive plant fungal pathogens. Secretion of reactive oxygen species (ROS) during the infection phase of plant pathogenic fungus plays a key role in the defense mechanism of a plant. ROS causes oxidative damage and functional modification to the proteins in a pathogenic fungus. Methionine, especially, is a major target of ROS, which oxidizes it to methionine sulfoxide. To survive from the attack of ROS, plant pathogenic fungus has antioxidative systems -one example would be methionine sulfoxide reductase B (MSRB), which reverses the oxidative alteration of methionine to methionine sulfoxide. In the present study, identification and molecular characterization of the MSRB gene in M. oryzae KJ201 were investigated. The MSRB gene was amplified by PCR from the M. oryzae KJ201 genomic DNA. The copy number of MSRB in the genome of M. oryzae KJ201 was identified by Southern blot analysis, which revealed that the gene exists as a single copy. To study the molecular function of an MSRB gene, the expression level of the MSRB gene was assayed with hydrogen peroxide treatment by Northern blot analysis and RT-PCR. The expression of the MSRB gene was increased by treatment of hydrogen peroxide, without significant correlation to hydrogen peroxide concentrations. These results indicate that the MSRB gene in M. oryzae KJ201 could contribute to protection against plant defense compounds such as ROS and offer a novel strategy for the control of rice blast.
Introduction
A very large number of potential plant pathogens exist in nature. However, individual plant species are susceptible to only a limited number of pathogens because of the presence of effective general defense mechanisms. Secretion of reactive oxygen species (ROS) during infection of plant pathogenic fungus plays a key role in defense mechanism of plant [10, 14] . ROS induce oxidative damage and functional modification to proteins of pathogenic fungus.
Especially, methionine is one of the major targets of ROS, where it is oxidized to methionine sulfoxide. To survive from the attack of ROS, plant pathogenic fungus has antioxidative system such as methionine sulfoxide reductase B (MSRB) [6, 8, 17, 21] . MSRB can repair specifically oxidative alteration of methionine to methionine sulfoxide [1, 2, 5, 11, 12] . There is not much information on functional characterization of MSRB in plant pathogenic fungi. Functional analysis of the MSRB is required to understand the biology of fungal plant pathogens in the plant-pathogen interaction and provide new control strategy.
Rice blast, caused by Magnaporthe oryzae, is one of the most destructive diseases in cultivated rice [15] , which feeds one-half of the world's population [7, 18] . The disease is capable of destroying enough rice to feed 60 million people every year [22] . M. oryzae has evolved the ability to penetrate and subsequently colonize its host plants [3] . Due to its genetic and molecular tractability, this fungus has served as an important model organism in the studies aimed at understanding the biology of fungal plant pathogens [19, 20] . Over the past decades, significant efforts have been made to elucidate the molecular controls of rice blast. These efforts include the breeding of resistant cultivars and the use of fungicides. However, the effectiveness of these methods is limited because of the frequent emergence of M. oryzae isolates that are able to overcome resistant varieties or fungicides or because of the environmental and safety concerns on the use of fungicides.
The entire M. oryzae genome has been sequenced [4] , and functional genomics approaches have led to the identification of hundreds of genes involved in its pathogenesis [9] . A number of M. oryzae genes that are responsible for the pathogenicity have been identified based on their ex-pression patterns or homologies to known or suspected pathogenicity genes in other organisms [4] . Especially, it is speculated that MSRB gene in the M. oryzae could contribute to protection against plant defense compounds such as ROS.
In this study, identification and molecular character- 
Materials and Methods
Fungal strain and culture condition and then exposed to X-ray film at -20 o C for 5 days.
For RT-PCR, total RNA was isolated. Concentration of RNA was determined with spectrophotometer and concentration and integrity were further checked by agarose gel electrophoresis. Residual DNA, if any, was eliminated from the samples by using DNaseⅠ(RNase-free, Takara Bio Inc).
cDNA was synthesized from the RNA using the 
Results and Discussion
Identification of MSRB gene in the genome of the
M. oryzae KJ201
M. oryzae, the causal agent of rice blast, is one of the most destructive fungal pathogens throughout the world [3, 7, 15, 18] . Plant pathogenic fungus may act as virulence factors if they provide protection against plant defense compounds during disease development [10, 14] . ROS is one of the powerful plant defense compounds, which causes oxidative damage and functional modification to proteins of pathogenic fungus. Among the amino acids, methionine is the most susceptible to oxidation by almost all forms of ROS.
This malformation can be repaired specifically by MSRB [8, 17] . M. oryzae is the first plant pathogenic fungus to be fully sequenced, and functional genomic approaches have led to the identification of hundreds of genes involved in its pathogenesis [4, 9] . However, there is not much information on functional characterization of the M. oryzae genes, especially concerning MSRB. In this study, we hypothesized that MSRB gene in the M. oryzae could contribute to protection against plant defense compounds such as ROS and offer novel strategy for the control of rice blast.
To confirm molecular characterization of MSRB gene of the M. oryzae KJ201, which is the Korean field strain, MSRB gene was amplified by PCR analysis. MSRB gene of M. oryzae was annotated from the M. oryzae genome sequence from strain 70-15, which is the international standard laboratory strain, using bioinformatics tools. Primers were designed from the genome sequences of the M. oryzae strain 70-15, and PCR was performed with the M. oryzae strain KJ201 genomic DNA. As shown in Fig. 1 , the 350 bp fragment from MSRB gene in the M. oryzae strain KJ201 was identified by PCR. The amplified fragment was sequenced to confirm the originality. Amplified MSRB gene fragment was used as a probe for Southern and Northern blot analysis.
Southern blot analysis of MSRB
The copy number of MSRB in the genome of M. oryzae fungus plays a key role in defense mechanism of plant.
Plant ROS causes oxidative damage and functional modification to proteins of pathogenic fungus. In this study, expression of MSRB was investigated using hydrogen peroxide. Hydrogen peroxide is used as a representative of the plant defense compounds such as ROS, which effectively induces oxidative stress in most of organisms. After treatment of various hydrogen peroxide concentrations (0, 1, 10, and 100 ppm) for 2 hr, Northern blot analysis showed no signal for the MSRB expression. On the other hand, β-tubulin expression, the positive control, showed significant signal (Fig. 3) .
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